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**Abstract**

Dopamine is released in the prefrontal cortex during cognitive tasks implicating attention, working memory, decision making. During the very same cognitive processes, cortical high-frequency neuronal synchrony which favors information transfer, fast selection and binding of distributed neuronal responses also increases. The multiple modulations by dopamine of synaptic function and cell excitability in excitatory and inhibitory neurons renders however difficult a good comprehension of the effects of dopamine on prefrontal network activity. Because dopamine influences the dynamics of feed-forward inhibition and increases the excitability of fast-spiking interneurons in the prefrontal cortex, it has been proposed that dopamine could modulate fast rhythmic neuronal activity in the γ frequency range. But experimental evidences of such regulation remain scarce. In slices of mouse anterior cingulate cortex, we have shown that dopamine is able to modulate fast oscillatory activity which is generated within a local network of excitatory and inhibitory neurons and reflects rhythmic neuronal synchronization within this network. Dopamine enhances the power of such high-frequency oscillations without altering their peak frequency. Activation of either D1-type or D2 receptors positively modulates the power of these oscillations, whereas activation of D4 receptors has no effect. This suggests that dopamine improves information processing requiring high-frequency neuronal synchronization within the anterior cingulate cortex. Whether a similar dopaminergic modulation exists also within other prefrontal regions such as the medial prefrontal cortex but also in behaving animals remain to be elucidated. Nevertheless, these data provide experimental support for a potential implication of the dopaminergic system to the disturbed high-frequency oscillations in schizophrenia. Thus, a blunted prefrontal dopamine release as evidenced recently in schizophrenia patients (Slifstein et al. JAMA Psychiatry 2015) might contribute to the impaired high-frequency oscillations induced during cognitive tasks.

In addition to its neuromodulatory function, dopamine also produces during its auto-oxidation and degradation some reactive species that can be toxic if there are not properly neutralized. Thus in mice with a genetic susceptibility to oxidative stress, we have shown that an excess of extracellular dopamine during childhood (as for instance resulting from strong prefrontal dopamine release during psychosocial stresses) affects normal maturation of parvalbumin-expressing fast-spiking interneurons, a type of inhibitory neurons which are essential for generating high-frequency oscillations but which are quite sensitive to oxidative stress. As a consequence of an hyperdopaminergy during a critical period of postnatal development, the integrity of parvalbumin interneurons remains abnormal through adulthood, leading to impaired high-frequency oscillations in the anterior cingulate cortex. These data suggest then that strong dopamine release induced by severe psychosocial stresses during childhood, a risk factor for schizophrenia, can permanently affect prefrontal parvalbumin interneurons and high-frequency neuronal synchrony, particularly in individuals with a vulnerability to redox dysregulation.

Altogether data suggest that either strong, chronic release of dopamine during childhood or hypodopaminergy later in life can impair high-frequency neuronal synchrony in the prefrontal cortex, both of which could be relevant to schizophrenia pathology.
